cytotoxic to macrophages, an effect that is modified in the presence of serum.5 There is an early selective release of lysosomal enzymes from cultured macrophages with chrysotile asbestos, while the macrophages remain viable.6 There are no reports which produce evidence that these findings are reflected in vivo, after intrapleural inoculation, either in granulomas or in cells of the pleural cavity. Techniques are now available for showing cells containing lysosomal enzymes in frozen sections. Non-specific esterase is also a well recognised marker for macrophages, with a characteristic overall staining of the cytoplasm.
Wagner and Berry have shown the production of mesotheliomas in response to a single intrapleural injection of asbestos fibres' and Wagner has described the granulomatous reaction after this procedure. He noted that " the early reaction was a foreign body type granuloma consisting of macrophages, giant cells, with a few lymphocytes and plasma cells."2 This reaction was present with crocidolite and amosite, which contrasted with an acellular response to chrysotile. The mature granulomas from all three fibrous dusts consisted of hyaline fibrosis with a few iron containing cells. The response of the free cells of the pleural cavity to the injection of these inorganic dusts has not been described, although the cell populations of the normal rat peritoneal and pleural cavities have been extensively studied,3 showing that the predominant cell is the macrophage; polymorphonuclear leucocytes, lymphocytes, and mast and mesothelial cells are also present. It has been shown4 that in vitro asbestos dust is Received 1 March 1983 Accepted 13 September 1983 cytotoxic to macrophages, an effect that is modified in the presence of serum.5 There is an early selective release of lysosomal enzymes from cultured macrophages with chrysotile asbestos, while the macrophages remain viable.6 There are no reports which produce evidence that these findings are reflected in vivo, after intrapleural inoculation, either in granulomas or in cells of the pleural cavity. Techniques are now available for showing cells containing lysosomal enzymes in frozen sections. Non-specific esterase is also a well recognised marker for macrophages, with a characteristic overall staining of the cytoplasm.
We present here the results of a study of cells from pleural washouts, and of peripheral blood of rats injected intrapleurally with either crocidolite or chrysotile asbestos or a crystalline silica that is known to be toxic in vitro to macrophages. In addition, the presence of cells containing lysosomal enzymes (and non-specific esterase) in relation to granulomas and mesothelioma is shown and the difference in length of time that the number of these cells can be enumerated is reported in response to different dusts. 506
Asbestos and pleural cavity cells
Materials and methods

DUSTS
The dusts used in this experiment were:
Crocidolite-A reference sample prepared after recommendations of the Union Internationale Contre le Cancer (UICC). ' Crystalline silica-Min U Sil, size range 0-1-4-6 um.8
SFA chrysotile-A superfine sample of Canadian chrysotile produced by water sedimentation separation from grade 7, which is the most fully milled commercial product. 9 The dusts were made up in a suspension of 50 mg/ml of saline, which was autoclaved; of the 0-5 ml taken up into the syringe, the rat actually received 0-4 ml (20 mg of dust).
ANIMALS
The animals used for the first two dusts were barrier maintained Wistar rats obtained from ICI Pharmaceuticals Division, Alderley Edge, Cheshire, England. Those used for the chrysotile (SFA) investigations were barrier maintained Fischer F344 rats, obtained from Charles River, Boston, Massachusetts, USA, as there was no longer a colony of the Wistar rats available at the unit. All the animals were fed and housed as previously described.' They were 6 weeks old at the time the material was injected into the right pleural cavity.
Equal numbers of male and female rats were used throughout. Of the Wistar rats, 72 were injected with crocidolite, 24 with silica, and 24 with saline only as controls, while of the Fischer rats, 96 were injected with chrysotile and 48 controls were injected with saline. The experiment was designed so that two rats injected with crocidolite, one with silica, and one saline control were examined every four weeks, starting 25 
Differential count
The total number of lymphocytes and polymorphonuclear cells were significantly increased after exposure to silica compared with the saline control or crocidolite exposed groups. The significant increase with age in the chrysotile exposed rats for numbers of lymphocytes was found also in the exposed control group. Macrophages showed a consistent significant increase in the silica exposed groups, and there was a significant decrease in the crocidolite "o" group, which contributed to the highly significant decrease when this group was compared with the " o' silica exposed group. Counts of macrophages stained with NSE confirmed these results. (table 4) showed a significant (p < 0-005) increase decrease for both the crocidolite "y" and "o" groups with age in the control group. Nevertheless, when a
(1-2% and 1-4% respectively compared with the comparison was made between the chrysotile "y" saline exposed group, 10-3% and 4-4%). Alcian and "o' groups and the appropriate saline controls, Multinucleate cells-Multinucleate or binucleate cells were seen in 29 of the 33 rats exposed to crocidolite and in all eight of the rats exposed to silica. These cells were found in 15 of the 32 rats exposed to chrysotile. In the control rats such cells were never seen. Dividing cells were observed: only ( 1-2%) among the " o" groups of the rats exposed to crocidolite or chrysotile.
Phagocytosis of red blood cells-Phagocytosis of red blood cells by macrophages was never seen in Table 5 White cell count for rats exposed to crocidolite or silica. Mean number ofcells and range. (n = 6) 3-9-12*3 Seven rats injected with crocidolite developed mesotheliomas; all were in the "o" group. Pleural washouts were successfully carried out on four of the rats, the remaining three being found dead. Thirty nine rats developed mesotheliomas after injection with chrysotile, and 29 were in the "oo" group. Pleural washouts were successfully carried out on 10, nine of which were in the "o" group. Three rats had counts of over 100 million cells which is clearly different from rats without mesothelioma; they were distributed between both "y" and "o" groups. The total cell population from these pleural washouts showed a 10-fold to 20-fold increase or more over those with granulomas and no tumour, but there was great variation. Over 90% of the cells were macrophages, staining very intensely with NSE; mesothelioma and mesothelial cells, by contrast, did not stain with NSE.
TOTAL WHITE CELL COUNT
The total white cell count showed a small but significant increase for the"y" group of rats exposed to silica when compared with the appropriate saline control (table 5 ). In the "o" silica group, it decreased with age whereas it increased with age in the "o" groups exposed to crocidolite.
HISTOCHEMISTRY OF GRANULOMAS
Variation in individual enzyme activity The pattern of distribution of positive and negative staining cells was identical for each of the enzymes tested. Acid phosphatase showed a fine granular staining in cells in group A and in all the B groups; in all the groups the fibres (confirmed by ashing) and asbestos bodies were outlined, resulting in a heavy extracellular deposit. In macrophages each enzyme was distributed throughout the cell, although lysosomes could occasionally be identified.
Mesothelial layer with asbestos dusts
The pleural membranes of rats exposed to chrysotile and to crocidolite were covered with a patchy irregu- The intensity of reaction was most pronounced in the macrophages associated with exposure to silica whereas in the giant cells the intensity of reaction was most clearly shown in the rats exposed to crocidolite.
Discussion
The pronounced cellular increase in response to silica is similar to that reported by Keller,'5 although he used a smaller dose in the larger space of the peritoneal cavity and showed an increase which lasted for only 96 hours. The lack of a similar response to the asbestos fibres was unexpected, particularly as there was a small increase in the white cell count in the "y" crocidolite exposed group. Nevertheless, in vitro it has been shown that macrophages appear to engulf asbestos fibres and may be found in aggregates in association with them. '6 We also noted this in the study of pleural washouts made during the first three days, and this effect made cell enumeration inaccurate.
Keller has also reported an early polymorphonuclear response to silica. ' The pleural cavity of the rat injected with chrysotile, which at 72 hours shows a relative decrease in the total number of cells (and macrophages), may already contain leached fibres. Alveolar macrophages rapidly leach chrysotile fibres,23 and it is recognised that there is also a selective enzyme release from polymorphonuclear leucocytes. 24 The small macrophage response in these animals may be due either to leaching or to the effect of the leached magnesium on the inflammatory fluid. This early evidence of possible leaching may help to explain the smallness of the granulomas and the absence of giant cells in groups B and C.
The finding of a pronounced decrease in the number of mast cells in the cells from the pleural cavity was unexpected. Padawer cites figures of 5-6 + 1*1% in the natural pleural fluids,3 which is much lower than those found in our rats exposed to saline. In the experiments reported here, however, adherent cells may also have been recovered by lavage. In conclusion, we have not found an association between the cells of the immune system and the emergence of mesotheliomas. Nevertheless, further study of the cellular response (together with the cell products) to these dusts may contribute to the knowledge of the early events which result in fibrosis and mesotheliomas.
